DESIGN SUPPORT SYSTEM 

BACKGROUND OF THE INVENTION 
The invention relates to a design support system/ and 
5 more particularly, to a design support system which 

preliminarily estimates unknown connection data prior to actual 
connection of a conductor to a connector terminal, to thereby 
support the design of a connection. 

10 A method for caulking and crimping a conductor by means 

of, e.g. / a barrel provided on a connector terminal, and a method 
for press-fitting a conductor sheathed with an insulation 
cladding into a slot formed in the connector terminal have 
hitherto been available as a method for electrically connecting 

15 a conductor to a connector terminal. 

First, a method for connecting a conductor to a connector 
terminal by means of crimping will now be described. The 
connector terminal used for crimping connection usually assumes 
20 constructions such as shown those in Figs. 2A and 2B. As 
illustrated, a connector terminal 12 has a conductor barrel 
12A and an insulator barrel 12B. 

As shown in Figs. 2C and 2C f the previously-described 
25 conductor barrel 12A and the previously-described insulator 
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barrel 12B of the connector terminal 12 and a conductor 11A 
are crimped with a crimper 14A and an anvil 13. Subsequently, 
pressure is applied to the conductor barrel 12A, the insulator 
barrel 12B, and the conductor 11A, whereby the conductor 11A 
5 is caulked and crimped with the conductor barrel 12A- Further, 
an insulation cladding 11B sheathing the conductor llAis caulked 
and crimped (as shown in Fig. 2B) with the insulator barrel 
12B, whereby the connector terminal 12 is connected to the 
conductor 11A in the manner shown in Fig. 2F* 

10 

Fig. 11 shows relationships existing between the height 
of acrimpC/H (see Fig, 2F) achieved after crimping, and adhesion 
force Fi and contact resistance Rl existing between the crimped 
conductor 11A and the connector terminal 12 » 

15 

As illustrated, the adhesion force Fx possesses an 
upwardly-bulging nonlinear characteristic with respect to the 
crimp height C/H. Hence, the adhesion force Fi is considered 
to be usable within a given range of the crimp height C/H, 

20 Similarly, the contact resistance Ri possesses a 

rightwardly-climbing nonlinear characteristic with respect to 
the crimp height C/H. Therefore, the contact resistance R x is 
considered to be usable within a given range of crimp height 
C/H, In view of a relationship between the adhesion force Fi 

25 and the contact resistance Ri, which have these nonlinear 
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characteristics with respect to crimp height, the range of crimp 
height C/H (I.e., an optimal crimp height shown in Fig. 11) 
for which the adhesion force Fx and the contact resistance Ri 
can be used is limited. 

5 

When a new connection is designed, the conductor 11A, 
the connector terminal 12, and the anvil 13 or the crimper 14 
have hitherto been designed* After crimp connection has been 
actually effected through use of the thus-designed conductor 

10 HA, the connector terminal 12, and the anvil 13/crimper 14A, 
the crimp height C/H, the adhesion force Fi, and the contact 
resistance Ri are measured. An evaluation is made as to whether 
or not the crimp height C/H — at which optimal adhesion force 
Fi and contact resistance Ri are to be achieved — is obtained . 

15 If the crimp height C/H is not obtained, the foregoing operations 
are again repeated after a new conductor 11A, a new connector 
terminal 12, andanew anvil 13/new crimper 14 have been designed. 

Next, a method for connecting a conductor to a connector 
20 terminal through press-fitting (pressure-welding) will be 
described. A connector terminal used for press-f itting 
connection usually assumes a configuration such as that shown 
in Fig. 8. As illustrated, the connector terminal 12 has an 
electrical connection section 12C having a pair of 
25 pressure-welding blades (Fig- 8A shows a. single 



pressure-welding blade, and Fig, 8B shows two pressure-welding 
blades) - 

A slot 12D is formed between the pair of pressure-welding 
5 blades. The width W of the slot is designed to become narrower 
than the outer diameter of the conductor 11A sheathed with the 
insulation cladding 11B, When the conductor 11A sheathed with 
the insulation cladding 11B is press-fitted into the slot 12D, 
the insulation cladding 11B is broken with the pressure-welding 
10 blades, whereupon the pressure-welding blades come into contact 
with the conductor 11A, and the connector terminal 12 is 
connected to the conductor 11A. 

When the slot width W is made constant, there are achieved 
15 relationships between the crimp height "1" achieved after 
press-fitting, and drawing force F 2 and contact resistance R 2 i, 
R 22 (R21 denotes the maximum contact resistance, and R22 denotes 
mean contact resistance) existing between the conductor 11A 
and the connector terminal 12, such as those shown in Fig. 10A. 
20 when the crimp height ^1" is made constant, there are achieved 
relationships between the slot width W obtained before 
press-fitting and the drawing force F 2 and contact resistance 
R21, R22 existing between the press-fitted conductor 11A and 
the connector terminal 12, such as those shown in Fig. 10B. 

25 
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As illustrated, the drawing force F 2 has an upwardly 
concave nonlinear characteristic with respect to. the crimp 
height xx l" and the slot width W. Hence, the drawing force F 2 
is considered to be usable within a given range of the crimp 
5 height "1" and that of the slot width W. Similarly, the contact 
resistances R21, R22 possess the rightwardly-climbing nonlinear 
characteristics with respect to the crimp height "1" and the 
slot width Hence, the contact resistances R21, R^a are 
considered to be usable within a given range of crimp height 
10 ^1" and that of the slot width W. 

In view of the relationships between the drawing force 
F z and the contact resistance R21, R22/ all having the nonlinear 
characteristics, the range of the crimp height "1" and that 
15 of the slot width W (i.e., an optimal crimp height and an optimal 
slot width shown in Fig* 10) in which the drawing force F 2 and 
the contact resistances R 21 , R22 are usable is limited. 

For instance, when a new connection is designed, the 
20 conductor 11A and the connector terminal 12 are conventionally 
designed. After press-fitting connection has actually been 
effected through use of the thus-designed conductor 11A and 
the connector terminal 12, the crimp height "1," the slot width 
W, the drawing force Fi, and the contact resistance Ri are measured- 
25 An evaluation is made as to whether or not the crimp height 
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"1" and the slot width W at which the optimal drawing force 

Fi and the optimal contact resistances R 2 i, B.22 are achieved is 

obtained* When not obtained/ the foregoing operations are 
repeated after the conductor 11A and the connector terminal 
12 have been newly designed. 

However, the conventional design of connection between 
the conductor and the connector terminal involves a necessity 
for achieving an optimal connection by iteration of trial and 
error operations, such as the aforementioned design, actual 
connection, and evaluation. Therefore, when a person who is 
less experienced in design attempts to design a connection, 
there arises consumption of a longer time until a desired 
connection is implemented. This in turn renders a design period 
longer and adds to design costs. 

SUMMARY OF THE INVENTION 
The invention focuses attention on these drawbacks. The 
challenge to be met by the invention is to provide a design 
support system capable of affording support so that any designer 
can readily design connectionbetween a conductor and a connector 
terminal without depending on the designer's experience and 
within a short period of time. 

An invention of an aspect 1 conceived to solve the 
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previously-described drawback is directed toward a design 
support system for supporting the design of a connection between 
a conductor and a connector terminal/ comprising an estimation 
unit for learning beforehand a relationship between known 
5 connection data pertaining to connection design and unknown 
connection data pertaining to the connection design for the 
known connection data, wherein the estimation unit estimates 
the unknown connection data for the known connection data in 
accordance with an input of the known connection data on the 
10 basis of the result of learning. 

According to the invention of the aspect 1, the estimation 
unit that has learned a relationship between known connection 
data pertaining to connection design and unknown connection 

15 data pertaining to connection design for the known connection 
data estimates the unknown connection data for the known 
connection data on the basis of the result of learning in 
accordance with an input of the known connection data. 
Therefore; the estimation unit estimates the unknown connection 

20 data in accordance with the input of known connection data, 
whereby a designer can ascertain a rough value of the unknown 
connection data without actually connecting a conductor to a 
connector in accordance with the connection data. 

25 Pax invention of an aspect 2 is characterized by the design 
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support system of claim 1, wherein the estimation unit is 
constituted of a multilayer feedforward neural network in which 
layers formed from a plurality of neurons are coupled together 
in a direction in which the layers run from an input layer to 
5 an output layer by way of an intermediate layer. 

According to the invention of the aspect 2, the estimation 
unit is formed from a multilayer feedforward neural network 
in which layers formed from a plurality of neurons are coupled 
10 together in a direction in which the layers run from an input 
layer to an output layer by way of an intermediate layer. 
Accordingly, use of a multilayer feedforward neural network 
having a superior learning feature enables accurate estimation 
of unknown connection data* 

15 

An invention of an aspect 3 is characterized by the design 
support system of the aspect 1 or 2, wherein, when the conductor 
and the connector terminal are connected together through 
crimping, the estimation unit performs learning beforehand 

20 while taking, as unknown connection data, any of the crimp width 
and the crimp height, both being obtained after crimping, a 
compressibility of the conductor in a direction of the crimp 
height, adhesion force existing between the conductor and the 
connector terminal, and contact resistance existing between 

25 the conductor and the connector terminal. 



According to the invention of an aspect 3, any of the 
crimp width and the crimp height, both being obtained after 
crimping, a compressibility of the conductor in a direction 
5 of the crimp height, adhesion force existing between the 
conductor and the connector terminal, and contact resistance 
existing between the conductor and the connector terminal is 
estimated as unknown connection data in accordance with the 
input of known connection data, thereby supporting the design 
10 of a connection. As a result, the designer can ascertain a 
rough value of the unknown connection data without actually 
connecting a conductor to a connector in accordance with the 
connection data. 

15 An invention of an aspect 4 is characterized by the design 

support system of the aspect 1 or 2, wherein the estimation 
unit further comprises a C/W estimation unit which, when the 
conductor and the connector terminal are connected together 
by means of crimping, performs learning beforehand while taking 

20 the crimp width obtained after crimping as the unknown connection 
data and produces crimp width data by estimating the crimp width 
in accordance with an input of the known connection data required 
for estimating the crimp width; and a C/H estimation unit which 
performs learning beforehand while taking the crimp height 

25 obtained after crimping as the unknown connection data and 



9 



produces crimp height data by estimating the crimp height in 
accordance with an input of the known connection data required 
for estimating the crimp height, wherein the crimp width data 
produced by the C/W estimation unit are input to the C/H 
estimation unit as at least a portion of the known connection 
data required for estimating the crimp height . 

According to the invention of the aspect 4, the C/W 
estimation unit of the estimation unit performs learning 
beforehand while taking the crimp width obtained after crimping 
as unknown connection data and estimates a crimp width in 
accordance with an input of the known connection data required 
for estimating the crimp width, thereby producing crimp width 
data* The C/H estimation unit performs learning beforehand 
while taking the crimp height obtained after crimping as the 
unknown connection data and estimates the crimp height in 
accordance with an input of the known connection data required 
for estimating the crimp height, thereby producing crimp height 
data- Further, the crimp width data produced by the C/W 
estimation unit are input to the C/H estimation unit as at least 
a portion of the known connection data required for estimating 
the crimp height* 

Therefore, the C/W estimation unit estimates the crimp 
width obtained after crimping in accordance with an input of 
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known connection data, and the C/H estimation unit estimates 
the crimp height obtained after crimping in accordance with 
the input of known connection data. As a result, the designer 
can ascertain a rough value of a crimp width and that of a crimp 
5 height without actually connecting a conductor to a connector 
in accordance with the connection data- Further, the crimp 
width data produced by the C/W estimation unit are input to 
the C/H estimation unit as at least a portion of the known 
connection data required to estimate a crimp height. Hence, 
10 the designer does not need to estimate a crimp width and input 
the thus-estimated crimp width to the C/H estimation unit. 

An invention of an aspect 5 is characterized by the design 
support system of the aspect 4, wherein the. estimation unit 

15 further comprises a compressibility estimation unit which 
performs learning beforehand while taking a compressibility 
of a conductor in the direction of a crimp height obtained after 
crimping as the unknown connection data and which produces 
compressibility data by estimating the compressibility in 

20 accordance with an input of the known connection data required 
for estimating the compressibility, wherein the crimp width 
data produced by the C/W estimation unit and the crimp height 
data produced by the C/H estimation unit are input to the 
compressibility estimation unit as at least a portion of the 

25 known connection data required for estimating the 
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compressibility. 

According to the invention of the aspect 5, the 
compressibility estimation unit of the estimation unit performs 
5 learning beforehand while taking the compressibility obtained 
after crimping as the unknown connection data and produces 
compressibility data by estimating the compressibility in 
accordance with an input of the known connection data required 
for estimating the compressibility* Further, the crimp width 
10 data produced by the C/W estimation unit and the crimp height 
data produced by the C/H estimation unit are input to the 
compressibility estimation unit as at least a portion of the 
known connection data required for estimating the 
compressibility. 

15 

Therefore/ the compressibility estimation unit 
estimates the compressibility obtained after crimping in 
accordance with an input of known connection data, whereby the 
designer can ascertain a rough value of a compressibility without 

20 actually connecting a conductor to a connector in accordance 
with the connection data* Further, the crimp width data 
produced by the C/W estimation unit and the crimp height data 
produced by the C/H estimation unit are input to the 
compressibility estimation unit as at least a portion of the 

25 known connection data required for estimating the 
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compress ibility, thereby obviating a necessity for the designer 
to estimate the crimp width and the crimp height and input the 
thus-estimated crimp width and the crimp height to the 
compressibility estimation unit. 

5 

An invention of an aspect 6 is characterized by the design 
support system of the aspect 5, wherein the estimation unit 
further comprises an adhesion force estimation unit which 
performs learning beforehand while taking adhesion force 

10 existing between the conductor and the connector terminal after 
crimping as the unknown connection data and which produces 
adhesion force data by estimating the adhesion force in 
accordance with an input of the known connection data required 
for estimating the adhesion force/ wherein the crimp width data 

15 produced by the C/W estimation unit, the crimp height data 
produced by the C/H estimation unit, and the compressibility 
data produced by the compressibility estimation unit are input 
to the adhesion force estimation unit as at least a portion 
of the known connection data required for estimating the adhesion 

20 force. 

According to the invention of the aspect 6, the adhesion 
force estimation unit of the estimation unit performs learning 
beforehand while taking the adhesion force obtained after 
25 crimping as the unknown connection data and produces adhesion 
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force data by estimating the adhesion force in accordance with 
an input of the known connection data required for estimating 
the adhesion force. Further, the crimp width data produced 
by the C/w estimation unit, the crimp height data produced by 
5 the C/H estimation unit, and the compressibility data estimated 
by the compressibility estimation unit are input to the adhesion 
force estimation unit as at least a portion of the known 
connection data required for estimating the adhesion force. 

10 Therefore, the adhesion force estimation unit estimates 

the adhesion force obtained after crimping in accordance with 
an input of known connection data, whereby the designer can 
ascertain a rough value of adhesion force without actually 
connecting a conductor to a connector in accordance with the 

15 connection data. Further, the crimp width data produced by 
the C/W estimation unit, the crimp height data produced by the 
C/H estimation unit, and the compressibility data estimated 
by the compressibility estimation unit are input to the adhesion 
force estimation unit as at least a portion of the known 

20 connection data required for estimating the compressibility, 
thereby obviating a necessity for the designer to estimate the 
crimp width, the crimp height , and the compressibility and input 
the thus-estimated crimp width, crimp height, and 
compressibility to the compressibility estimation unit. 

25 
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An invention of an aspect 7 is characterized by the design 
support system of the aspect 5, wherein the estimation unit 
further comprises resistance estimation unit which performs 
learning beforehand while taking contact resistance existing 
between the conductor and the connector terminal after crimping 
as the unknown connection data and which produces contact 
resistance data by estimating the contact resistance in 
accordance with an input of the known connection data required 
for estimating the contact resistance, wherein the crimp width 
data produced by the C/W estimation unit, the crimp height data 
produced by the C/H estimation unit, and the compressibility 
data produced by the compressibility estimation unit are input 
to the resistance estimation unit as at least a portion of the 
known connection data required for estimating the contact 
resistance* 

According to the invention of the aspect 7, the resistance 
estimation unit of the estimation unit performs learning 
beforehand while taking the contact resistance obtained after 
crimping as the unknown connection data and produces contact 
resistance data by estimating the contact resistance in 
accordance with an input of the known connection data required 
for estimating the contact resistance • Further, the crimp width 
data produced by the C/W estimation unit, the crimp height data 
produced by the C/H estimation unit, and the compressibility 
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data estimated by the compressibility estimation unit are input 
to the resistance estimation unit as at least portions of the 
known connection data required to estimate the contact 
resistance. 

5 

Therefore, the resistance estimation unit estimates the 
contact resistance obtained after crimping in accordance with 
an input of known connection data, whereby the designer can 
ascertain a rough value of contact resistance without actually 

10 connecting a conductor to a connector in accordance with the 
connection data. Further, the crimp width data produced by 
the C/W estimation unit, the. crimp height data produced by the 
C/H estimation unit, and the compressibility data estimated 
by the compressibility estimation unit are input to the 

15 resistance estimation unit as at least a portion of the known 
connection data required for estimating the compressibility, 
thereby obviating a necessity for the designer to estimate the 
crimp width, the crimp height, and the compressibility and input 
the thus-estimated crimp width, crimp height, and 

20 compressibility to the resistance estimation unit. 

An invention of an aspect 8 is characterized by the design 
support system according to anyone of claims 4 through 7, further 
comprising input unit for manually inputting crimp width data 
25 to be input to the estimation unit as the known connection data 
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so as to become equal to the crimp width data produced by the 
C/H estimation unit. 

According to the invention of the aspect 8, the crimp 
5 width data to be input to the estimation unit as the known 
connection data so as become equal to the crimp width data 
produced by the C/H estimation unit can be manually input through 
use of the input unit. Accordingly/ the unknown connection 
data can be estimated through use of the manually-input crimp 
10 width data. 

An invention of an aspect 9 is characterized by the design 
support system of any one of the aspect 5 through 8, further 
comprising a sequential output unit which sequentially outputs / 
15 as the crimp height data, the crimp height data and a 
predetermined number of discrete values existing in a 
predetermined range centered on the crimp height in accordance 
with an input of the crimp height data produced by the C/H 
estimation unit. 

20 

According to the invention of an aspect 9, the C/H 
estimation unit can estimate the compressibility, adhesion 
f orce, and contact resistance corresponding to the crimp height 
data produced by the C/H estimation unit and a plurality of 
25 discrete values centered on the crimp height data, so long as 

17 



the crimp height data are input to the compressibility estimation 
unit, the adhesion force estimation unit, or the resistance 
estimation unit by way of the sequential output unit. 
Consequently, the sequential output unit automatically inputs 
5 the discrete values centered on the crimp height data produced 
by the C/H estimation unit without the designer entering the 
discrete values into the compressibility estimation unit, the 
adhesion force estimation unit, or the resistance estimation 
unit. 

10 

An invention of an aspect 10 is characterizedby the design 
support system of the aspect 1 or 2, wherein, when the conductor 
sheathed with an insulation cladding is connected to a slot 
formed in the connector terminal through press-fitting, the 

15 estimation unit performs learning beforehand while any of the 
slot width obtained before press-fitting, a crimp height 
representing a height from a base of the slot to the center 
of the conductor obtained after press fitting, load exerted 
on the conductor, withdrawal force exerted between the conductor 

20 and the connector terminal, and contact resistance existing 
between the conductor and the connector is taken as unknown 
connection data are taken as the unknown connection data. 

According to the invention of an aspect 10, any of the 
25 slot width obtained before press-fitting, a crimp height 
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representing a height from a base of the slot to the center 
of the conductor obtained after press fitting, load exerted 
on the conductor, withdrawal force exertedbetween the conductor 
and the connector terminal, and contact resistance existing 
5 between the conductor and the connector is estimated as unknown 
connection data in accordance with an input of known connection 
data/ thereby supporting the design of a connection. As a result, 
the designer can ascertain a rough value of the unknown 
connection data without actually connecting a conductor to a 
10 connector in accordance with the connection data. 

An invention of an aspect 11 is characterized by the design 
support system of the aspect 1 or 2, wherein, when the conductor 
sheathed with an insulation cladding is connected to and 

15 press-fitted into the slot formed in the connector terminal, 
the estimation unit further comprises a slot width estimation 
unit which performs learning beforehand while taking the slot 
width obtained before press-fitting as the unknown connection 
data and which produces slot width data by estimating the slot 

20 width in accordance with an input of the known connection data 
required for estimating the slot width; and a crimp height 
estimation unit which performs learning beforehand while taking 
the crimp height corresponding to a height from the base of 
the slot to the center of the conductor obtained after crimping 

25 as the unknown connection data and which produces crimp height 



data by estimating the crimp height in accordance with an input 
of the known connection data required for estimating the crimp 
height, wherein the slot width data produced by the slot width 
estimation unit are input to the crimp height estimation unit 
as at least a portion of the known connection data required 
for estimating the crimp height. 

According to the invention of an aspect 11/ the slot width 
estimation unit of the estimation unit performs learning 
beforehand while taking the slot width obtained before 
press-fitting as the unknown connection data and produces slot 
width data by estimating the slot width in accordance with an 
input of the known connection data required for estimating the 
slot width. The crimp height estimation unit performs learning 
beforehand while taking the crimp height obtainedaf ter crimping 
as the unknown connection data and produces crimp height data 
by estimating the crimp height in accordance with an input of 
the known connection data required for estimating the crimp 
height . Further, the slot width data produced by the slot width 
estimation unit are input to the crimp height estimation unit 
as at least a portion of the known connection data required 
for estimating the crimp height. 

Therefore, the slot width estimation unit estimates the 
slot width obtained before crimping in accordance with an input 
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of known connection data. The crimp height estimation unit 
estimates a crimp height obtained after press-fitting in 
accordance with an input of known connection data . As a result, 
the designer can ascertain a rough value of a slot width and 
that of a crimp height without actually connecting a conductor 
to a connector in accordance with the connection data • Further, 
the slot width data produced by the slot width estimation unit 
are input to the crimp height estimation unit as at least a 
portion of the known connection data required for estimating 
the crimp height, thereby obviating a necessity for the designer 
to estimate the slot width and input the thus-estimated slot 
width to the crimp height estimation unit. 

An invention of an aspect 12 is character! zedby the design 
support system of the aspect 11, wherein the estimation unit 
further comprises a load estimation unit whichperf orms learning 
beforehand while taking load exerted on the conductor after 
press-fitting as the unknown connection data and which produces 
load data by estimating the load in accordance with an input 
of the known connection data required for estimating the load, 
wherein the slot width data produced by the slot width estimation 
unit and the crimp height data produced by the crimp height 
estimation unit are input to the load estimation unit as at 
least a portion of the known connection data required for 
estimating the load. 
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According to the invention of an aspect 12, the load 
estimation unit of the load estimation unit performs learning 
beforehand while taking the load obtained after press-fitting 
as the unknown connection data and produces load data by 
estimating the load in accordance with an input of the known 
connection data required for estimating the load. Further , 
the slot width data produced by the slot width estimation unit 
and the crimp height data produced by the crimp height estimation 
unit are input to the load estimation unit as at least a portion 
of the known connection data required for estimating the load. 

Therefore, the load estimation unit estimates the load 
obtained after press-fitting in accordance with an input of 
known connection data . As a result/ the designer can ascertain 
a rough value of the load without actually connecting a conductor . 
to a connector in accordance with the connection data . Further, 
the slot width data produced by the slot width estimation unit 
and the crimp height data produced by the crimp height estimation 
unit are input to the load estimation unit as at least a portion 
of the known connection data required for estimating the load, 
thereby obviating a necessity for the designer to estimate the 
slot width and the crimp height and input the thus-estimated 
slot width and the crimp height to the load estimation unit. 
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An invention of an aspect 13 is characterizedby the design 
support system of the aspect 12, wherein the estimation unit 
further comprises a withdrawal force estimation unit which 
performs learning beforehand while taking withdrawal force 
exerted between the conductor and the connector terminal after 
press-fitting as the unknown connection data and which produces 
withdrawal force data by estimating the withdrawal force in 
accordance with an input of the known connection data required 
for estimating the withdrawal force, wherein the slot width 
data producedby the slot width estimation unit, the crimp height 
data produced by the crimp height estimation unit, and the load 
data produced by the load estimation unit are input to the 
withdrawal force estimation unit as at least a portion of the 
known connection data required for estimating the withdrawal 
force . 

According to the invention of the aspect 13, the withdrawal 
force estimation unit of the estimation unit performs learning 
beforehand while taking the withdrawal force obtained after 
press-fitting as the unknown connection data and produces 
withdrawal force data by estimating the withdrawal force in 
accordance with an input of the known connection data required 
for estimating the withdrawal force. Further, the slot width 
data producedby the slot width estimation unit , the crimp height 
data produced by the crimp height estimation unit/ and the load 
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data produced by the load estimation unit are input to the 
withdrawal force estimation unit as at least a portion of the 
known connection data required for estimating the withdrawal 
force. 

Therefore, the withdrawal force estimation unit estimates 
the withdrawal force obtained after press-fitting in accordance 
with an input of known connection data „ As a result, the designer 
can ascertain a rough value of the withdrawal force without 
actually connecting a conductor to a connector in accordance 
with the connection data. Further, the slot width data produced 
by the slot width estimation unit, the crimp height data produced 
by the crimp height estimation unit, and the load data produced 
by the load estimation unit are input to the withdrawal force 
estimation unit as at least a portion of the known connection 
data required for estimating the withdrawal force, thereby 
obviating a necessity for the designer to estimate the slot 
width, the crimp height, and the load and input the 
thus-estimated slot width, the crimp height, and the load to 
the withdrawal force estimation unit- 

An invention of an aspect 14 is characterized by the design 
support system of the aspect 12, wherein the estimation unit 
further comprises resistance estimation unit which performs 
learning beforehand while taking contact resistance existing 



24 



between the conductor and the connector terminal after 
press-fitting as the unknown connection data and which produces 
contact resistance data by estimating the contact resistance 
in accordance with an input of the known connection data required 
for estimating the contact resistance/ wherein the slot width 
data produced by the slot width estimation unit, the crimp height 
data produced by the crimp height estimation unit, and the load 
data produced by the load estimation unit are input to the contact 
resistance estimation unit as at least a portion of the known 
connection data required for estimating the contact resistance . 

According to the invention of an aspect 14, the resistance 
estimation unit of the estimation unit performs learning 
beforehand while taking the contact resistance obtained after 
press-fitting as the unknown connection data and produces 
contact resistance data by estimating the contact resistance 
in accordance with an input of the known connection data required 
for estimating the contact resistance . Further, the slot width 
data produced by the slot width estimation unit , the crimp height 
data produced by the crimp height estimation unit, and the load 
data produced by the load estimation unit are input to the 
resistance estimation unit as at least a portion of the known 
connection data required for estimating the contact resistance . 

Therefore, the resistance estimation unit estimates the 
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contact resistance obtained after press-fitting in accordance 
with an input of known connection data ♦ As a result, the designer 
can ascertain a rough value of the contact resistance without 
actually connecting a conductor to a connector in accordance 
5 with the connection data • Further, the slot width data produced 
by the slot width estimation unit, the crimp height data produced 
by the crimp height estimation unit, and the load data produced 
by the load estimation unit are input to the resistance 
estimation unit as at least a portion of the known connection 
10 data required for estimating the contact resistance, thereby 
obviating a necessity for the designer to estimate the slot 
width, the crimp height, and the load and input the 
thus-estimated slot width, the crimp height, and the load to 
the resistance estimation unit* 

15 

An invention of an aspect 15 is characterized by the design 
support system according to any one of claims 11 to 14, further 
comprising an input unit for manually inputting slot width data 
to be input to the estimation unit as the known connection data 
20 so as to become equal to the slot width data produced by the 
slot width estimation unit. 

According to the invention of the aspect 15, the slot 
width data to be input to the estimation unit as the known 
25 connection data so as to become equal to the slot width data 
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produced by the slot width estimation unit can be manually input 
through use of the input unit* Consequently, the unknown 
connection data can be estimated through use of the 
manually- input slot width data. 

5 

An invention of an aspect 16 is characterized by the design 
support system of any one of the aspects 12 through 15, further 
comprising a sequential output unit which sequentially outputs, 
as the crimp height data, the crimp height data and a 
10 predetermined number of discrete values existing in a 

predetermined range centered on the crimp height data in 
accordance with an input of the crimp height data produced by 
the crimp height estimation unit* 

15 According to the invention of an aspect I6 r the crimp 

height estimation unit can estimate the load, withdrawal force, 
and contact resistance corresponding to the crimp height data 
produced by the C/H estimation unit and to a plurality of discrete 
values centered on the crimp height data, so long as the crimp 

20 height data are input to the load estimation unit, the withdrawal 
force estimation unit, or the resistance estimation unit by 
way of the sequential output unit . Consequently, the sequential 
output unit automatically inputs the discrete values centered 
on the crimp height data produced by the C/H estimation unit 

25 without the designer entering the discrete values into the load 
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estimation unit/ the withdrawal force estimation unit, or the 
resistance estimation unit. 

An invention of ah aspect 17 is characterized by the design 
5 support system of any one of the aspects 11 through 15, further 
comprising a sequential output unit which sequentially outputs, 
as the slot width data, the slot width data and a predetermined 
number of discrete values existing in a predetermined range 
centered on the slot width data in accordance with an input 
10 of the slot width data produced by the slot width estimation 
unit . 

According to the invention of the aspect 17, the slot 
width estimation unit can estimate the crimp height, the load,. 

15 withdrawal force, and contact resistance corresponding to the 
slot width data produced by the slot width estimation unit and 
to a plurality of discrete values centered on the slot width 
data, so long as the slot width data are input to the crimp 
height estimation unit, the load estimation unit, the withdrawal 

20 force estimation unit, or the resistance estimation unit by 
way of the sequential output unit • Consequently, the sequential 
output unit automatically inputs the discrete values centered 
on the slot width data produced by the slot width estimation 
unit without the designer entering the discrete values into 

25 the crimp height estimation unit, the load estimation unit, 
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the withdrawal force estimation unit, or the resistance 
estimation unit. 

An invention of an aspect 18 is characterized by the design 
support system of any one of the aspects 1 through 17 ,. further 
comprising a sequential output unit which sequentially outputs, 
as the known connection data, the known connection data and 
a predetermined number of discrete values existing in a 
predetermined range centered on the known connection data in 
accordance with an input of the connection data. 

According to the invention of an aspect 18, the sequential 
output unit sequentially outputs, as known connection data, 
known connection data and a predetermined number of discrete 
values within a predetermined range centered on the known 
connection data in accordance with an input of known connection 
data. Hence, the input known connection data and the unknown 
connection data corresponding to the discrete values centered 
on the known connection data can be automatically obtained 
without the designer entering the connection data and the 
discrete values centered on the connection data. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view showing a first embodiment of a design 
support system of the invention; 
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Fig, 2A is a developed view and Fig. 2B is a side view, 
both showing the shape of a connector terminal 12 used for 
crimping connection; 

Figs. 2C and 2D are views showing the shape of an anvil 
5 13 and that of a crimper 14A, which are used for crimping 
operation; 

Fig. 2E is a view showing adhesion force; 
Fig. 2F is a view showing a state achieved after the 
connector terminal 12 and a conductor 11A have been crimped 
10 together; 

Fig. 3 is a view for describing an output from a sequential 
output section 70; 

Fig. 4 is a view for describing a neural network 16 
constituting respective estimation sections ; 
15 Fig. 5A shows an example of known connection data to be 

input to the design support system shown in Fig. 1; 

Fig. 5B is a view showing a result of estimation performed 
by the design support system shown in Fig. 1; 

Fig. 5C is a graph showing the relationships of crimp 
20 height versus adhesion force, resistance, and compressibility 
estimated through use of the design support system shown in 
Fig. 1; 

Fig. 6 is a view showing an applied example of the design 
support system shown in Fig. 1; 
25 Fig* 7 is a view showing a second embodiment of the design 
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support system of the invention; 

Figs . 8A and 8B are perspective views showing the geometry 
of a connector terminal 12 used for press-fitting (crimping 
connection) ; 

5 Fig* 9 is a view for describing an output from a sequential 

output section 130; 

Fig. 10A is a graph showing the relationships of crimp 
height "1" versus withdrawal force and contact resistance 
achieved when press-fitting (crimping) connection has been 
10 performed; 

Fig* 10B is a graph showing the relationships of slot 
width versus withdrawal force and contact resistance 

achieved when press-fitting (crimping) connection has been 
performed; and 

15 Fig. 11 is a graph showing the relationships of crimp 

height C/H versus adhesion force and contact resistance achieved 
when crimping connection has been performed, 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
20 First Embodiment 

A first embodiment of the invention will be described 
by reference to the drawings . Fig. 1 is a view showing a first 
embodiment of a design support system 10 of the invention* As 
shown in Figs. 2A to 2F, the design support system 10 is a system 
25 for supporting the design of connection by preliminarily 
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estimating connection data pertaining to the design of unknown 
connection parameters, such as a crimp width C/W, a crimp height 
C/H, the compressibility of the conductor 11A in a crimping 
direction, and adhesion force and contact resistance existing 
5 between the conductor 11A and the connector terminal 12, prior 
to actual crimp connection of the conductor 11A, such as a wire 
or cable, to the connector terminal 12* 

As illustrated, the design support system 10 has a C/W 
10 estimation section 20 (i.e., C/W estimation unit) formed from 
a multilayer feedforward neural network; a C/H estimation 
section 30 (i.e., C/H estimation unit); a compressibility 
estimation section 40 (i.e., compressibility estimation unit) ; 
an adhesion force estimation section 50 (i.e., adhesion force 
15 estimation unit) ; and a resistance estimation section 60 (i.e., 
resistance estimation unit) . The adhesion force estimation 
section 50 and the resistance estimation section 60 may be 
arranged in this order or in reverse order with reference to 
the front andback direction . Alternatively, the design support 
20 system may be constituted of a single multilayer 
feedforward-type neural network . 

As illustrated, the C/W estimation section 20 has learned 
in advance a relationship between known connection data and 
25 the crimp width C/W corresponding thereto (i.e., unknown 
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connection data) / wherein plate thickness data 10a showing a 
plate thickness M t" of the connector terminal 12, barrel length 
data 10b showing the length *L1" of a barrel, and computed 
cross-sectional area data 10c showing a computed 
5 cross-sectional area of the conductor 11A are taken as known 
connection data. 

On the basis of the result of learning, the C/W estimation 
section 20 estimates a crimp width C/W for the plate thickness 

10 data 10a, the barrel length data 10b, and the computed 

cross-sectional area data 10c in accordance with inputs of these 
data sets, to thereby produce crimp width data 206a. The 
thus-produced crimp width data are output to a C/W setting 
section 21. The C/W setting section 21 outputs the thus-input 

15 crimp width data 206a in an unmodified form to the C/H estimation 
section 30* 

The C/W setting section 21 acts as an input unit* When 
the designer has entered the crimp width data 206a, the 

20 thus-input crimp width data 206a can be output to the C/H 
estimation section 30. The C/W setting section 21 can output 
the crimp width data 206a entered by the designer as well as 
the crimp width data 206a estimated by the C/W estimation section 
20 to the C/H estimation section 30 . The C/W estimation section 

25 20 outputs the thus-input plate thickness data 10a, the barrel 



length data 10b, and the computed cross-sectional area data 
10c in an unmodified form to the C/H estimation section 30. 
Here, the scale of crimp width is in millimeters, 

5 The C/H estimation section 30 takes, as known connection 

data, the plate thickness data 10a, the barrel length data 10b, 
the computed cross-sectional area data 10c, the crimp width 
data 206a, and anvil radius data 10d representing the radius 
R of the anvil 13. A relationship existing between the known 
10 connection data and the crimp height C/H for the known connection 
data (i.e., unknown connection data) has been learned 
beforehand. 

The C/H estimation section 30 estimates a crimp height 
15 C/H for the plate thickness data 10a, the barrel length data 
10b, the computed cross-sectional data 10c, the crimp width 
data 206a, and the anvil radius data lOd in accordance with 
inputs of these data sets, thereby producing crimp height data 
30.6a. The thus-produced crimp height data 30 6a are output to 
20 a compressibility estimation section 40 by way of a sequential 
output section 70 (sequential output unit) . 

The sequential output section 70 sequentially outputs, 
as the crimp height data 306a, the input crimp height data 306a 
25 and a predetermined number of discrete values falling within 
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a predetermined range, including the crimp height data 306a. 
Specifically/ as shown in Fig. 3, the sequential output section 
70 sequentially outputs the thus-input crimp height data 306a 
and nine discrete values; that is, a total of ten discrete values 
5 including the input crimp height data 306a. 

As is evident from Fig. 3, in this case, the predetermined 
range corresponds to -5p to +4p, and the predetermined number 
corresponds to nine. In the embodiment, the sequential output 
10 section 70 outputs discrete values, which remain discrete at 
uniform intervals "p," for the input crimp height data 306a, 
However, the discrete values are not necessarily arranged at 
uniform intervals. 

15 The C/H estimation section 30 outputs the thus-input plate 

thickness data 10a, barrel length data 10b, computed 
cross-sectional area data 10c, crimp width data 206a, and anvil 
radius data 10d, in an unmodified form, to the compressibility 
estimation section 40 . 

20 

The compressibility estimation section 40 takes, as known 
connection data, the plate thickness data 10a , the barrel length 
data 10b, the computed cross-sectional data 10c, the crimp width 
data 206a, the anvil radius data lOd, the crimp height data 
25 306a, constituent wire count data lOe representing the number 
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of constituent wires 11A, and crimp length data 1 Of representing 
a crimp length of the connector terminal 12* A relationship 
between the known connection data and the compressibility of 
the conductor 11A in the crimping direction with reference to 
5 the known connection data (i.e./ the unknown connection data) 
has already been learned. 

On the basis of the result of learning, the compressibility 
estimation section 40 estimates compressibility for the plate 

10 thickness data 10a, the barrel length data 10b, the computed 
cross-sectional data 10c, the crimp width data 206a, the anvil 
radius data 10d, the crimp height data 306a, the constituent 
wire count data lOe, and the crimp length data lOf , in accordance 
with inputs of these data sets/ to thereby produce 

15 compressibility data 406a. The thus-produced compressibility 
data 406a are output to the adhesion force estimation section 
50. 

The compressibility estimation section 40 outputs the 
20 input plate thickness data 10a, the barrel length data 10b, 
the computed cross-sectional area data 10c, the crimp width 
data 206a, the anvil radius data lOd, the crimp height data 
306a, the constituent wire count data lOe, and the crimp length 
datalOf, in an unmodified form, to the adhesion force estimation 
25 section 50. 
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The adhesion force estimation section 50 takes, as known 
connection data, the plate thickness data 10a, the barrel length 
data 10b, the computed cross-sectional area data 10c, the crimp 
5 width data 206a, the anvil radius data lOd, the crimp height 
data 306a/ the constituent wire count data lOe, the crimp length 
data lOf, and the compressibility data 406a. The relationship 
between the known connection data and the adhesion force that 
exists between the conductor 11A and the connector terminal 
10 12 and corresponds to the known connection data (i.e., the 
unknown connection data) has been learned beforehand. 

On the basis of the result of learning, the adhesion force 
estimation section 50 estimates adhesion force for the plate 

15 thickness data 10a, the barrel length data 10b, the computed 
cross-sectional area data 10c, the crimp width data 206a, the 
anvil radius data lOd, the crimp height data 306a, the 
constituent wire count data lOe, the crimp length data lOf, 
and the compressibility data 40 6a in accordance with inputs 

20 of these data sets. The adhesion force estimation section 50 
estimates adhesion force corresponding to the data sets, thereby 
producing adhesion force data 506a, 506b -specifically, 506a 
denotes mean adhesion force, and 50 6b denotes a value of mean 
adhesion force - 3a (a standard deviation)-. 

25 



The adhesion force estimation section 50 outputs the input 
plate thickness data 10a, the barrel length data 10b, the 
computed cross-sectional area data 10c, the crimp width data 
206a, the anvil radius data lOd, the crimp height data 306a, 
5 the constituent wire count data lOe, the crimp length data lOf, 
and the compressibility data 406a, in an unmodified f orm, to 
the resistance estimation section 60. 

The resistance estimation section 60 takes, as known 
10 connection data, the plate thickness data 10a, the barrel length 
data 10b, the computed cross-sectional area data 10c, the crimp 
width data 206a, the anvil radius data lOd, the crimp height 
data 306a, the constituent wire count data lOe, the crimp length 
data lOf , and the compressibility data 406a. The relationship 
15 between the known connection data and the contact resistance 
that exists between the conductor 1 1A and the connector terminal 
12 and corresponds to the known connection data (i.e., the 
unknown connection data) has been learned beforehand. 

20 On the basis of the result of learning, the resistance 

estimation section 60 estimates contact resistance for the plate 
thickness data 10a, the barrel length data 10b, the computed 
cross-sectional data 10c, the crimp width data 206a, the anvil 
radius data lOd, the crimp height data 306a, the constituent 

25 wire count data 10e, the crimp length data lOf, and the 



compressibility data 406a in accordance with inputs of these 
data sets, to thereby produce contact resistance data 606a, 
606b (specifically, 606a denotes the maximum contact resistance, 
and 606b denotes mean contact resistance) , The resistance 
5 estimation section 60 outputs the input crimp height data 306a 
in an unmodified form. 

As shown in Fig. 4, the respective estimation sections 
are constituted of a multilayer feedforward neural network in 
10 which layers formed from a plurality of neurons are connected 
together in a direction manning from an input layer 16A to an 
output layer 16C by way of an intermediate layer 16B. 

The respective neurons constituting the input layer 16A 
15 of the multilayer feedforward neural network 16 are provided 
in a one-to-one correspondence in accordance with the number 
of input known connection data sets* The respective neurons 
constituting the input layer 16A are connected to respective 
neurons constituting the intermediate layer 16B. All the 
20 neurons constituting the intermediate layer 16B are connected 
to the respective neurons constituting the output layer 16C, 

All the neurons constituting the input layer 16A, the 
intermediate layer 16B, and the output layer 16C perform the 
25 previously-described estimation operations by assigning the 
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weights determined through learning to the data input to the 
respective neurons and outputting the thus-weighted data* A 
transfer function existing between the input layer 16A and the 
intermediate layer 16B of the multilayer feedforward neural 
5 network 16 and a transfer function existing between the 

intermediate layer 16B and the output layer 16C are tangent 
sigmoid functions . As a result/ there is constructed the design 
support system 10 which involves consumption of a shorter 
learning period and has a learning function with a high learning 
10 accuracy/ and a neuro-computation function becomes easy* 

Operation of the design support system 10 having the 
foregoing configuration will now be described* First, through 
use of an unillustrated input device, the designer inputs, to 
15 the design support system 10, the plate thickness data 10a, 
the barrel length data 10b, the computed cross-sectional area 
data 10c/ the constituent wire count data 10e, and the crimp 
length data lOf . 

20 In accordance with an input of the plate thickness data 

10a 7 that of the barrel length data 10b, and that of the computed 
cross-sectional area data 10c, the C/W estimation section 20 
estimates a crimp width C/W, to thereby produce the crimp width 
data 206a* The thus-produced crimp width data 206a are output 

25 to the C/H estimation section 30 by way of the C/W setting section 



21. The C/W estimation section 20 outputs the input plate 
thickness data 10a, the barrel length data 10b, and the computed 
cross-sectional data 10c, in an unmodified form, to the C/H 
estimation section 30* 

The C/H estimation section 30 estimates a crimp height 
C/H in accordance with the anvil radius data lOd input by the 
designer through use of the input device in consideration of 
the plate thickness data 10a output from the C/W estimation 
section 2 0 , an input of the barrel length data 1 Ob and the computed 
cross-sectional data 10c, an input of the crimp width data 206a 
output from the C/W setting section 21, and the crimp width 
estimated by the C/H estimation section 30, thereby producing 
the crimp height data 306a- The thus-produced crimp height 
data are output to the sequential output section 70. 

As shown in Fig* 3, the sequential output section 70 takes, 
as the crimp height data 306a, a total of ten discrete values, 
including the input crimp height data 306a, in accordance with 
an input of the crimp height data 306a. The crimp height data 
306a are sequentially output to the compressibility estimation 
section 40. The C/H estimation section 30 outputs the input 
plate thickness data 10a, the barrel length data 10b, the 
computed cross-sectional data 10c, the crimp width data 206a, 
and the anvil radius data lOd, in an unmodified form, to the 
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compressibility estimation section 40. 

The compressibility estimation section 40 estimates 
compressibility in accordance with an input consisting of the 
5 thickness plate data 10a output from the C/H estimation section 
30, the barrel length data 10b, the computed cross-sectional 
area data 10c, the crimp width data 206a, and the anvil radius 
data 10d; an input consisting of a total of ten crimp height 
data sets 306a output from the sequential output section 70; 
10 and an input consisting of the constituent wire count data lOe 
and the crimp length data lOf entered through use of the input 
device, thereby producing the compressibility data 406a, The 
thus-produced compressibility data 406a are output to the 
adhesion force estimation section 50. 

15 

As mentioned above, the sequential output section 70 
inputs ten discrete values, such as those shown in Fig. 3, to 
the compressibility estimation section 40 as the crimp height 
data 306a. Hence, the compressibility estimation section 40 
20 produces ten compressibility data sets 406a for the respective 
crimp height data sets 306a and outputs the thus-produced 
compressibility data sets 406a to the adhesion force estimation 
section 50. 

25 The compressibility estimation section 40 outputs the 
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input plate thickness data 10a, the barrel length data 10b/ 
the computed cross-sectional data 10c, the crimp width data 
206a, the anvil radius data lOd, the crimp height data 306a/ 
the constituent wire count data lOe, and the crimp length data 
5 lOf, in an unmodified form, to the adhesion force estimation 
section 50, 

The adhesion force estimation section 50 estimates 
adhesion force in accordance with the plate thickness data 10a, 

10 the barrel length data 10b, the computed cross^sectional area 
data 10c, the crimp width data 206a, the anvil radius data lOd, 
the crimp height data 306a, the constituent wire count data 
10e, the crimp length data lOf, and the compressibility data 
406a, all being inputs delivered from the compressibility 

15 estimation section 40, thereby producing adhesion force data 
506a, 506b, 

As mentioned previously, the sequential output section 
70 outputs the ten crimp height data sets 306a to the adhesion 

20 force estimation section 50 by way of the compressibility 
estimation section 40 . The compressibility estimation section 
40 outputs the ten compressibility data sets 4 06a to the adhesion 
force estimation section 50. Hence, the adhesion force 
estimation section 50 outputs ten adhesion force data sets 506a, 

25 506b for the ten crimp height data sets 306a and the 
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compressibility data 406a. 

The adhesion force estimation section 50 outputs the input 
plate thickness data 10a, the input barrel length data 10b, 
5 the input computed cross^sectional area data 10c, the input 
crimp width data 206a, the input anvil radius data lOd, the 
input crimp height data 306a, the input constituent wire count 
data lOe, the input crimp length data lOf, and the input 
compressibility data 406a, in an unmodified form, to the 
10 resistance estimation section 60. 

The resistance estimation section 60 estimates contact 
resistance in accordance with the plate thickness data 10a, 
the barrel length data 10b, the computed cross-sectional data 

15 10c, the crimp width data 206a, the anvil radius data lOd, the 
crimp height data 306a, the constituent wire count data lOe, 
the crimp length data lOf , and the compressibility data 4 06a, 
all being inputs delivered from the adhesion force estimation 
section 50, thereby producing and outputting contact resistance 

20 data sets 606a, 6060b. 

As mentioned above, the sequential output section 70 
outputs the ten crimp height data sets 306a to the resistance 
estimation section 60 by way of the compressibility estimation 
25 section 40 and the adhesion force estimation section 50. The 
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compressibility estimation section 40 outputs the ten 
compressibility data sets 40 6a to the resistance estimation 
section 60 by way of the adhesion force estimation section 50 . 
The resistance estimation section 60 outputs the ten contact 
5 resistance data sets 606a, 606b for the ten crimp height data 
sets and the compressibility data. 

When the connection data such as those shown in Fig. 5A 
are input through use of the design support system 10, estimation 

10 data such as those shown in Fig. 5B are obtained- A graph is 
plotted while the crimp height data 2 06a estimated by the design 
support system 10 is taken as a horizontal axis and the 
compressibility data 406a/ the contact resistance data 606a, 
606b, and the adhesion force data 506a, 506b, all being estimated 

15 in correspondence to the crimp height data 206a, are taken as 
the vertical axis. For instance, a crimp characteristic such 
as that shown in Fig. 5C is obtained. 

At the time of design of a new connection, the computed 
20 cross-sectional area of the conductor 11A, the plate thickness 
"t" of the connector terminal 12, the barrel length LI, the 
crimp length Al, and the radius R of the anvil 13 are designed. 
Before actual crimp connection is effected through use of the 
thus-designed conductor 11A, the connector terminal 12, and 
25 the anvil 13, the design support system 10 estimates a crimp 
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height C/H, an adhesion force, and a contact resistance* A 
rough crimp height C/H, a rough adhesion force, and a rough 
contact resistance, which would be possibly obtained, can be 
ascertained by the designer without actual crimp connection 
5 being carried out. 

Therefore, support can be provided so that the designer 
can readily design a connection between the conductor 11A and 
the connector terminal 12 within a short period of time without 
10 depending on the designer's experience - 

According to the foregoing design support system 10, the 
crimp width data 206a produced by the C/W estimation section 
2.0 is input to a C/H estimation section 30 as at least a portion 

15 of known connection data required for estimating the crimp height 
C/H. Therefore, the designer does not need to estimate the 
crimp width C/W and input the thus-estimated crimp width C/W 
to the C/H estimation section 30 through use of the input device . 
Support can be provided so that any designer can more easily 

20 design a connection between a conductor and a connector terminal 
without depending on the designer's experience and within a 
short period of time. 

According to the foregoing design support system 10, the 
25 crimp width data 206a produced by the C/W estimation section 
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20 and the crimp height data 306a produced by the C/H estimation 
section 30 are input to the compressibility estimation section 
40 as at least a portion of the known connection data required 
for estimating compressibility. Therefore/ there is obviated 
5 a necessity for the designer to estimate the crimp width C/W 
and the crimp height C/H and input the thus- estimated crimp 
width and the crimp height to the compressibility estimation 
section 40 through use of the input device. Support can be 
provided so that any designer can more easily design a connection 
10 between a conductor and a connector terminal without depending 
on the designer' s experience and within a short period of time. 

According to the foregoing design support system 10, the 
crimp width data 206a produced by the C/W estimation section 

15 20/ the crimp height data 306a produced by the C/H estimation 
section 30 , and the compressibility data 406a produced by the 
compressibility estimation section 40 are input to the adhesion 
force estimation section 50 as at least a portion of the known 
connection data required for estimating adhesion force. 

20 Therefore, there is obviated a necessity for the designer to 
estimate the crimp width C/W, the crimp height C/H, and the 
compressibility and input the thus^estimated crimp width, the 
crimp height, and the compressibility to the adhesion force 
estimation section 50 through use of the input device . Support 

25 can be provided so that any designer can more easily design 
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a connection between a conductor and a connector terminal without 
depending on the designer' s experience and within a short period 
of time. 

5 According to the foregoing design support system 10/ the 

crimp width data 206a produced by the C/W estimation section 
20, the crimp height data 306a produced by the C/H estimation 
section 30, and the compressibility data 406a produced by the 
compressibility estimation section 40 are input to the 

10 resistance estimation section 60 as at least a portion of the 
known connection data required for estimating contact 
resistance. Therefore, there is obviated a necessity for the 
designer to estimate the crimp width C/W, the crimp height C/H, 
and the compressibility and input the thus-estimated crimp width, 

15 the crimp height, and the compressibility to the resistance 
estimation section 60 through use of the input device . Support 
can be provided so that any designer can more easily design 
a connectionbetween a conductor and a connector terminal without 
depending on the designer r s experience and within a short period 
20 of time. 

According to the design support system 10, the sequential 
output section 70 automatically outputs ten discrete values 
as the crimp height data 306a in accordance with an input of 
25 the crimp height data 306a. Therefore, the sequential output 
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section 70 automatically inputs the discrete values centered 
on the crimp height data 306a produced by the C/H estimation 
section 30 to the compressibility estimation section 40 without 
a necessity of the designer to enter the discrete values . Hence/ 
5 more detailed connection characteristics can be obtained 
readily. 

In the first embodiment, the plate thickness data 10a, 
the barrel length data 10b, and the computed cross-sectional 

10 data 10c are input to the C/W estimation section 20 as the known 
connection data* However, as shown in Fig. 6, in order to 
estimate the crimp height C/H more accurately/ constituent wire 
form data lOg indicating the form of a constituent wire of the 
conductor 11A (e.g., a standard, compressibility, and 

15 concentricity) are also input to the C/w estimation section 
20 as known connection data, whereby learning and estimation 
may be performed. 

In addition to the known connection data shown in Fig. 

20 1, plating type data 10k indicating the type of plating of the 
connector terminal 12, serration data 10 j indicating the 
dimension and shape of a serration 12E (see Figs. 2A to 2F) , 
material data lOh indicating material properties such as a 
modulus of longitudinal elasticity andhardness of the connector 

25 terminal 12, and crimper data lOi indicating the radius "r" 



of the crimper 14A may be input to the C/H estimation section 
30, the compressibility estimation section 40, the adhesion 
force estimation section 50, and the resistance estimation 
section 60, to thereby effect learning and estimation. 

5 

In the first embodiment/ the sequential output section 
70 is arranged so as to sequentially output the crimp height 
data 306a. However, if necessary, the sequential output section 
70 can be arranged so as to sequentially output the crimp width 
10 data 206a and the compressibility data 406a, 

Second Embodiment 

Next, a second embodiment of the invention will be 
described- Fig. 7 is a view showing the second embodiment of 

15 the design support system 10. As shown in Figs. 8A and 8B, 
the design support system 10 is a system which, at the time 
of connection of the conductor 11A sheathed with the insulation 
cladding 11B into the slot 12D formed in the connector terminal 
12 by means of press-fitting, supports the design of a connection 

20 by previously estimating connection data pertaining to unknown 
connection design, such as a slot width W, a crimp height >v l" 
which is a height from a base T of a slot 12D to the center 
of the conductor 11A, crimp load exerted on the conductor 11A 
in the direction of press^f itting, and withdrawal force and 

25 contact resistance exerted between the conductor 11A and the 
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connector terminal 12 prior to actual press-fitting connection . 

As illustrated, the design support system 10 has a slot 
width estimation section 80 (i.e., slot width estimation unit) 
formed from a multilayer feedforward neural network; a crimp 
height estimation section 90 (i.e., crimp height estimation 
unit); a load estimation section 100 (i.e., load estimation 
unit); a withdrawal force estimation section 110 (i.e., 
withdrawal force estimation unit) ; and a resistance estimation 
section 120 (i.e., resistance estimation unit) . The withdrawal 
force estimation section 110 and the resistance estimation 
section 120 may be arranged in this order or in the reverse 
order with reference to the front and back direction. 
Alternatively, the design support system may be constituted 
of a single multilayer feedforward-type neural network. 

As illustrated, the slot width estimation section 80 takes, 
as known connection data, plate thickness data 101 representing 
the thickness of a plate of the connector terminal 12; beam 
width data 10m showing a beam width "a" of the slot 12D; slot 
depth data 10n showing the depth of the slot 12D; Young' s modulus 
data lOo showing the Young's modulus of the slot 12D; and 
conductor cross-sectional area data lOp showing the 
cross-sectional area of the conductor 11A- A relationship 
between the known connection data and the slot width 
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(corresponding to the unknown connection data) for the known 
connection data has been studied beforehand ♦ 

On the basis of the result of learning, the slot width 
5 estimation section 80 estimates a slot width W for the plate 
thickness data 101, the beam width data 10m, the slot depth 
data lOn, the Young's modulus data lOo and the conductor 
cross-sectional area lOp in accordance with inputs of the data 
sets, to thereby produce slot width data 706a. The 
10 thus-produced slot width data are output to a slot width setting 
section 81. The slot width setting section 81 outputs the 
thus-input slot width data 706a in an unmodified form to the 
crimp height estimation section 90. 

15 The slot width setting section 81 acts as an input unit. 

When the designer has entered the slot width data 706a, the 
thus-input slot width data 706a can be output to the crimp height 
estimation section 90. The slot width estimation section 81 
can output to the crimp height estimation section 90 the slot 

20 width data 706a estimated by the slot width estimation section 
80 as well as the slot width data 709a entered by the designer. 
The slot width estimation section 80 outputs to the crimp height 
estimation section 90, in an unmodified form, the thus-input 
plate thickness data 101, the beam width data 10m, the slot 

25 depth data lOn, the Young' s modulus data lOo, and the conductor 
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cross-sectional area data 10p. 

The crimp height estimation section 90 takes , as known 
connection data, the plate thickness data 101, the beam width 
5 data 10m, the slot depth data lOn, the Young's modulus data 
lOo, the conductor cross-sectional area data 10p, the slot width 
data 706a, constituent wire diameter data lOq representing the 
diameter of a constituent diameter of the conductor 11A, 
constituent wire count data lOr representing the number of 
10 constituent wires, and cladding hardness data 10s showing the 
hardness of the insulation cladding 1 IB* A relationship between 
the known connection data and the crimp height **1" for the known 
connection data (i.e., the unknown connection data) has already- 
been learned, 

15 

On the basis of the result of learning, the crimp height 
estimation section 90 estimates the crimp height XN 1" for the 
plate thickness data 101, the beam width data 10m, the slot 
depth data lOn, the Young's modulus data lOo, the conductor 

20 cross-sectional area data lOp, the slot width data 706a, the 
constituent wire diameter data lOq, the constituent wire count 
data lOr, and the cladding hardness data 10s in accordance with 
inputs of these data sets, thereby producing crimp height data 
806a. The thus-produced crimp height data 806a are output to 

25 the load estimation section 100 by way of a sequential output 

53 



section 130 (sequential output unit) - 

The sequential output section 130 takes/ as crimp height 
data 806a, the input crimp height data 806a and a predetermined 
5 number of discrete values falling within a predetermined range 
including the input crimp height data 806a. Specifically, as 
shown in Fig, 9, the sequential output section 130 sequentially 
outputs the thus-input crimp height data 806a and nine discrete 
values; that is, a total of ten discrete values including the 
10 thus-input crimp height data 806a. 

As is evident from Fig. 9, in this case, the predetermined 
range corresponds to -5p to +4p, and the predetermined number 
corresponds to nine. In the embodiment, the sequential output 
15 section 130 outputs discrete values, which remain discrete at 
uniform intervals "p, " from the input crimp height data 806a. 
However, the discrete values are not necessarily arranged at 
uniform intervals* 

20 The crimp height estimation section 90 outputs to the 

load estimation section 100, in an unmodified form, the 
thus-input plate thickness data 101, the beam width data 10m, 
the slot depth data lOn, the Young's modulus data lOo, the 
conductor cross-sectional area data lOp, the slot width data 

25 706a, the constituent wire diameter data 10q, the constituent 
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wire count data lOr, and the cladding hardness data 10s, 

The load estimation section 100 takes, as known connection 
data, the plate thickness data 101, the beam width data 10m, 
5 the slot depth data lOn, the Young's modulus data lOo, the 
conductor cross-sectional area data lOp, the slot width data 
706a, the constituent wire diameter data lOq, the constituent 
wire count data lOr, the cladding hardness data 10s, and the 
crimp height data 80 6a. A relationship between the known 
10 connection data and the load for the known connection data (i.e. , 
the unknown connection data) has already been learned. 

On the basis of the result of learning, the load estimation 
section 100 estimates the load for the plate thickness data 

15 101, the beam width data 10m, the slot depth data lOn, the Young's 
modulus data lOo, the conductor cross-sectional area data lOp, 
the slot width data 706a, the constituent wire diameter data 
lOq, the constituent wire count data lOr, the cladding hardness 
data 10s, and the crimp height data 806a, in accordance with 

20 inputs of these data sets, to thereby produce load data 906a. 
The thus-produced load data 90 6a are output to the withdrawal 
force estimation section 110. 

The load estimation section 100 outputs to the withdrawal 
25 force estimation section 110, in an unmodified form, the plate 
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thickness data 101, the beam width data 10m, the slot depth 
data lOn, the Young's modulus data lOo, the conductor 
cross-sectional area data lOp, the slot width data 706a, the 
constituent wire diameter data 10q, the constituent wire count 
5 data lOr, the cladding hardness data 10s, and the crimp height 
data 80 6a, all being input in the manner set forth. 



The withdrawal force estimation section 110 takes, as 
known connection data, the plate thickness data 101, the beam 
width data 10m, the slot depth data lOn, the Young's modulus 
data 10o, the conductor cross-sectional area data 10p, the slot 
width data 706a, the constituent wire diameter data lOq, the 
constituent wire count data lOr, the cladding hardness data 
10s, the crimp height data 806a, and the load data 906a. A 
relationship between the known connection data and the 
withdrawal force for the known connection data (i.e., the unknown 
connection data) has already been learned. 

On the basis of the result of learning, the withdrawal 
20 force estimation section 110 estimates withdrawal force for 
the thus-input plate thickness data 101, the beam width data 
10m, the slot depth data lOn, the Young's modulus data lOo, 
the conductor cross-sectional area data lOp, the slot width 
data 70 6a, the constituent wire diameter data 10q, the 
25 constituent wire count data 10r, the cladding hardness data 
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10s, the crimp height data 806a, and the load data 906a in 
accordance with inputs of these data sets, thereby producing 
withdrawal data 1006a/ 1006b -specifically, 1006a denotes mean 
withdrawal force, and 1006b denotes a value determined by 

5 subtracting the mean withdrawal force [ 3a (a standard 
deviation) ] . 

The withdrawal force estimation section 110 outputs to 
the resistance estimation section 120, in an unmodified form, 

10 the thus-input plate thickness data 101, the beam width data 
10m, the slot depth data lOn, the Young's modulus data 10o, 
the conductor cross-sectional area data lOp, the slot width 
data 706a, the constituent wire diameter data 10q, the 
constituent wire count data lOr, the cladding hardness data 

15 10s, the crimp height data 806a, and the load data 906a. 

The resistance estimation section 120 takes, as known 
connection data, the plate thickness data 101, the beam width 
data 10m, the slot depth data lOn, the Young's modulus data 

20 lOo, the conductor cross-sectional area data lOp, the slot width 
data 706a, the constituent wire diameter data lOq, the 
constituent wire count data lOr, the cladding hardness data 
10s, the crimp height data 806a, and the load data 906a- The 
relationship between the known connection data and the contact 

25 resistance that exists between the conductor 11A and the 
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connector terminal 12 and corresponds to the known connection 
data (i.e., unknown connection data) has been learned 
beforehand. 



5 On the basis of the result of learning, the resistance 

estimation section 120 estimates contact resistance for the 
plate thickness data 101, the beam width data 10m, the slot 
depth data 10n, the Young's modulus data 10o, the conductor 
cross-sectional area data lOp, the slot width data 706a, the 

10 constituent wire diameter data 10q, the constituent wire count 
data lOr, the cladding hardness data 10s, the crimp height data 
806a, and the load data 906a in accordance with inputs of these 
data sets, thereby producing contact resistance data 1106a/ 
1106b (specifically, 1106a denotes the maximum contact 

15 resistance, and 1106b denotes mean contact resistance) . The 
resistance estimation section 120 outputs the input load data 
906a in an unmodified form- 
As described in connection with the first embodiment by 

20 reference to Fig* 4, the respective estimation sections are 
constituted of a multilayer feedforward neural network in which 
layers formed from a plurality of neurons are connected together 
in a direction running from the input layer 16A to the output 
layer 16C by way of the intermediate layer 16B. 

25 

58 



Operation of the design support system 10 having the 
foregoing configuration will now be described* First, the 
designer inputs the plate thickness data 101, the beam width 
data 10m, the slot depth data lOn, the Young's modulus data 
5 lOo, the conductor cross-sectional area data 10p, the 

constituent wire diameter data lOq, the constituent wire count 
data lOr, and the cladding hardness data 10s to the design support 
system 10 through use of an unillustrated input device* 

10 The slot width estimation section 80 estimates a slot 

width W for the plate thickness data 101, the beam width data 
10m, the slot depth data 10n, the Young's modulus data 10o, 
. and the conductor cross- sectional area lOp in accordance with 
inputs of these data sets, to thereby produce the slot width 

15 data 706a. The thus-produced slot width data are output to 
the crimp height estimation section 90 by way of the slot width 
setting section 81* The slot width estimation section 80 also 
outputs to the crimp height estimation section 90, in an 
unmodified form, the thus-input beam width data 10m, the slot 

20 depth data 10n, the Young's modulus data lOo, and the conductor 
cross-sectional area data lOp* 

The crimp height estimation section 90 estimates the crimp 
height "1" and produces the crimp height data 806a in accordance 
25 with the plate thickness data 101, the beam width data 10m, 
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the slot depth data lOn, the Young's modulus data lOo, and the 
conductor cross-sectional area data 10p, all being output from 
the slot width estimation section 80; the slot width data 706a 
output from the slot width setting section 81; and the 
constituent wire diameter data 10q, the constituent wire count 
data 10r/ and the cladding hardness data 10s , all being entered 
through use of the input device. The thus-produced crimp height 
data 806a are output to the sequential output section 130* 

As shown in Fig, 9, in accordance with an input of the 
crimp height data 806a/ the sequential output section 130 
sequentially outputs a total of ten discrete values including 
the thus-input crimp height data 806a to the load estimation 
section 100 as the crimp height data 806a. In contrast, the 
crimp height estimation section 90 outputs to the load estimation 
section 100, in an unmodified form, the thus-input plate 
thickness data 101 , the beam width data 10m, the slot depth 
data lOn, the Young's modulus data lOo, the conductor 
cross-sectional area data 10p, the slot width data 706a, the 
constituent wire diameter data 10q, the constituent wire count 
data 10r, and the cladding hardness data 10s, 

The load estimation section 100 estimates load in 
accordance with the plate thickness data 101, the beam width 
data 10m, the slot depth data lOn, the Young's modulus data 
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10o, the conductor cross-sectional area data lOp, the slot width 
data 706a f the constituent wire diameter data lOq, the 
constituent wire count data 10r, and the cladding hardness data 
10s, all being output from the crimp height estimation section 
5 90; and a total of ten crimp height data sets 806a output from 
the sequential output section 130, to thereby produce the load 
data 906a. The thus-produced load data 906a are output to the 
withdrawal force estimation section 110. 

10 As mentioned previously, the sequential output section 

130 inputs the ten discrete values such as those shown in Fig. 
9 to the load estimation section 100 as the crimp height data 
806a. Hence, the load estimation section 100 produces the ten 
load data sets 906a for the respective crimp height data sets 

15 806a and outputs the thus-produced load data to the withdrawal 
force estimation section 110. 

The load estimation section 100 outputs to the withdrawal 
force estimation section 110, in an unmodified form, the 

20 thus-input plate thickness data 101, the beam width, data 10m, 
the slot depth data lOn, the Young's modulus data lOo, the 
conductor cross-sectional area data lOp, the slot width data 
706a, the constituent wire diameter data lOq, the constituent 
wire count data lOr, the cladding hardness data 10s, and the 

25 crimp height data 806a. 



The withdrawal force estimation section 110 estimates 
withdrawal force in accordance with the plate thickness data 
101, the beam width data 10m, the slot depth data lOn, the Young's 
modulus data lOo, the conductor cross-sectional area data lOp, 
the slot width data 706a, the constituent wire diameter data 
lOq, the constituent wire count data lOr, the cladding hardness 
data 10s, the crimp height data 806a, and the load data 906a, 
all being output from the load estimation section 100, thereby 
producing the withdrawal data 100 6a, 100 6b. 

As mentioned previously, the sequential output section 
130 outputs the ten crimp height data sets 80 6a to the withdrawal 
force estimation section 110 by way of the load estimation 
section 100- The load estimation section 100 outputs the ten 
load data sets 906a to the withdrawal force estimation section 
110 . Hence, the withdrawal force estimation section 110 outputs 
ten withdrawal force data sets 1006a, 1006b for the ten crimp 
height data sets 806a and the load data 906a. 

The withdrawal force estimation section 110 outputs to 
the resistance estimation section 120, in an unmodified form, 
the plate thickness data 101, the beam width data 10m, the slot 
depth data lOn, the Young's modulus data lOo, the conductor 
cross-sectional area data lOp, the slot width data 706a, the 
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constituent wire diameter data 10q, the constituent wire count 
data lOr, the cladding hardness data 10s, the crimp height data 
806a, and the load data 906a. 



5 The resistance estimation section 120 estimates contact 

resistance in accordance with the thus-input plate thickness 
data 101, the beam width data 10m, the slot depth data lOn, 
the Young's modulus data lOo, the conductor cross-sectional 
area data lOp, the slot width data 706a, the constituent wire 
10 diameter data lOq, the constituent wire count data lOr, the 
cladding hardness data 10s, the crimp height data 806a, and 
the load data 906a, all being output from the withdrawal force 
estimation section 110, thereby producing and outputting the 
contact resistance data 1106a, 1106b. 

15 

As mentioned previously, the sequential output section 
130 outputs the ten crimp height data sets 806a to the resistance 
estimation section 120 by way of the load estimation section 
100 and the withdrawal force estimation section 110. The load 

20 estimation section 100 outputs the ten load data sets 906a to 
the resistance estimation section 120 by way of the withdrawal 
force estimation section 110. Hence, the resistance estimation 
section 120 outputs ten contact resistance data sets 1106a, 
1106b for the respective crimp height data sets 806a and load 

25 data 906a. 
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A graph is plotted while the crimp height data 806a 
estimated by the design support system 10 is taken as a horizontal 
axis and the withdrawal force data 106a and the contact 
5 resistance data sets 606a/ 606b are taken as the vertical axis. 
For instance, a press-fitting (or crimping) characteristic such 
as that shown in Fig, 10A is obtained. 

When connection design complying with a new standard is 
10 reported, the conductor cross-sectional area of the conductor 
11A, the diameter of the constituent wire, the number of 
constituent wires, the hardness of a cladding, the plate 
thickness *t" of the connector terminal 12, the beam width "a, " 
the slot depth 12D, and the Young' s modulus are designed, on 
15 the basis of the details of the report. Before actual 

press-fitting (crimping) connection is effected through use 
of the thus-designed conductor 11A and the connector terminal 
12, the design support system 10 estimates the crimp height 
*1," load, withdrawal force, and contact resistance, A rough 
20 crimp height M l," the rough load, the rough withdrawal force, 
and the rough contact resistance, which would be possibly 
obtained, can be ascertained without carrying out actual crimp 
connection . 

25 Therefore, support can be provided so that the designer 
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can readily design a connection between the conductor 11A and 
the connector terminal 12 within a short period of time without 
depending on the designer's experience . 



5 According to the foregoing design support system 10, the 

slot width data 706a produced by the slot width estimation 
section 80 are input to the crimp height estimation section 
90 as at least a portion of known connection data required for 
estimating the crimp height "1 • " Therefore, the designer does 

10 not need to estimate the slot width W and input the thus-estimated 
slot width W to the crimp height estimation section 90 through 
use of the input device. Support can be provided so that any 
designer can more easily design a connection between a conductor 
and a connector terminal without depending on the designer's 

15 experience and within a short period of time- 



According to the foregoing design support system 10, the 
slot width data 706a produced by the slot width estimation 
section 80 and the crimp height data 806a produced by the crimp 

20 height estimation section 90 are input to the load estimation 
section 100 as at least a portion of known connection data 
required for estimating load- Therefore, the designer does 
not need to estimate the slot width W and the crimp height ^1" 
and input the thus-estimated slot width W and the crimp height 

25 %% 1" to the load estimation section 100 through use of the input 
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device. Support can be provided so that any designer can more 
easily design a connection between a conductor and a connector 
terminal without depending on the designer's experience and 
within a short period of time. 

5 

According to the foregoing design support system 10, the 
slot width data 70 6a produced by the slot width estimation 
section 80, the crimp height data 806a produced by the crimp 
height estimation section 90, and the load data 906a produced 

10 by the load estimation section 100 are input to the withdrawal 
force estimation section 110 as at least a portion of known 
connection data required for estimating withdrawal force* 
Therefore,, the designer does not need to estimate the slot width 
W, the crimp height and the load and input the thus-estimated 

15 slot width W, crimp height "1, " and load to the withdrawal force 
estimation section 110 through use of the input device . Support 
can be provided so that any designer can more easily design 
a connect ionbe tween a conductor and a connector terminal without 
depending on the designer' s experience and within a short period 

20 of time. 

According to the foregoing design support system 10 , the 
$lot width data 706a produced by the slot width estimation 
section 80, the crimp height data 806a produced by the crimp 
25 height estimation section 90, and the load data 906a produced 
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by the load estimation section 100 are input to the contact 
resistance estimation section 120 as at least a portion of known 
connection data required for estimating contact resistance. 
Therefore, the designer does not need to estimate the slot width 
5 W, the crimp height xx l, " and the load and input the thus-estimated 
slot width W, crimp height "1/" and load to the resistance 
estimation section 120 through use of the input device. Support 
can be provided so that any designer can more easily design 
a connect ionbetween a conductor and a connector terminal without 
10 depending on the designer' s experience and within a short period 
of time. 



According to the previously-described design support 
system 10/ the sequential output section 130 automatically 

15 outputs ten discrete values as the crimp height data 806a in 
accordance with an input of the crimp height data 806a. 
Therefore, the sequential output section 130 automatically 
inputs the discrete values centered on the crimp height data 
806a produced by the crimp height estimation section 90 without 

20 a necessity of the designer to enter the discrete values . Hence, 
a more detailed connection characteristics can be readily 
obtained . 



In the second embodiment, the sequential output section 
25 130 is arranged so as to sequentially output the crimp height 
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data 806a . However, the sequential output section 130 is also 
considered to be interposed between the slot width estimation 
section 80 and the crimp height estimation section 90. In 
accordance with an input of the slot width data 706a, the 
5 sequential output section 130 is also considered to output ten 
discrete values, including the automatically-entered slot 
width data 706a, as slot width data 706a. 

A graph is plotted while the slot width data 706a estimated 
10 by the design support system 10 is taken as a horizontal axis 
and the withdrawal force data 1006a and the contact resistance 
data sets 606a, 606b are taken as the vertical axis. For instance, 
a press- fitting (or crimping) characteristic such as that shown 
in Fig. 10B is obtained. 

15 

The sequential output section 130 is not limited to a 
device which sequentially outputs the previously-described 
slot width data 7 0 6a and the crimp height data 8 0 6a . If necessary, 
the sequential output section 130 may sequentially output the 
20 load data 906a. 

As has been described, according to the invention, the 
estimation unit estimates the unknown connection data in 
accordance with the input of known connection data, whereby 
25 a designer can ascertain rough values of the unknown connection 
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data without actually connecting a conductor to a connector 
in accordance with the connection data. Consequently, there 
can be obtained a design support system capable of offering 
support so that any designer can more easily design a connection 
5 between a conductor and a connector terminal without depending 
on the designer' s experience and within a short period of time. 

According to the invention, use of a multilayer 
feedforward neural network having a superior learning feature 

10 enables accurate estimation of unknown connection data. 

Consequently, there can be obtained a design support system 
capable of offering support so that any designer can more easily 
design a connection between a conductor and a connector terminal 
without depending on the designer's experience and within a 

15 short period of time. 

According to the invention, the designer can ascertain 
rough values of a crimp width, that of a crimp height, that 
of compressibility, that of adhesion force, and that of contact 

20 resistance without actually connecting a conductor to a 

connector in accordance with the connection data „ Consequently, 
there can be obtained a design support system capable of of fering 
support so that any designer can more easily design a connection 
between a conductor and a connector terminal without depending 

25 on the designer' s experience and within a short period of time- 
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According to the invention, the C/W estimation unit 
estimates a crimp width obtained after crimping in accordance 
with an input of the known connection data. The C/H estimation 
5 unit estimates a crimp height obtained after crimping in 
accordance with an input of the known connection data. As a 
result/ the designer can ascertain a rough value o~E a crimp 
width and that of a crimp height without actually connecting 
a conductor to a connector in accordance with the connection 

10 data. Further , the crimp width data produced by the C/W 

estimation unit are input to the C/H estimation unit as at least 
a portion of the known connection data required for estimating 
a crimp height. Since there is no necessity for the designer 
to estimate a crimp width and input the thus-estimated crimp 

15 width to the C/W estimation unit, there can be obtained a design 
support system capable of offering support so that any designer 
can more easily design a connection between a conductor and 
a connector terminal without depending on the designer's 
experience and within a short period of time. 

20 

According to the invention, the compressibility 
estimation unit estimates the compressibility obtained after 
crimping in accordance with an input of known connection data, 
whereby the designer can ascertain a rough value of 
25 compressibility without actually connecting a conductor to a 
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connector in accordance with the connection data. Further, 
the crimp width data produced by the C/W estimation unit and 
the crimp height data produced by the C/H estimation unit are 
input to the compressibility estimation unit as at least a 
5 portion of the known connection data required for estimating 
the compressibility, thereby obviating a necessity for the 
designer to estimate the crimp width and the crimp height and 
input the thus-estimated crimp width and the crimp height to 
the compressibility estimation unit. Consequently, there can 
10 be obtained a design support system capable of offering support 
so that any designer can more easily design a connection between 
a conductor and a connector terminal without depending on the 
designer's experience and within a short period of time. 

15 According to the invention, the adhesion force estimation 

unit estimates the adhesion force to be achieved after crimping 
in accordance with an input of the known connection data, whereby 
the designer can ascertain a rough value of adhesion force which 
would be obtained after press-fitting, without actually 

20 connecting a conductor to a connector in accordance with the 
connection data. Further, the crimp width data produced by 
the C/W estimation unit, the crimp height data produced by the 
C/H estimation unit, and the compressibility data produced by 
the compressibility estimation unit are input to the adhesion 

25 force estimation unit as at least a portion of the known 



connection data required for estimating adhesion force. Since 
there is no necessity for the designer to estimate a crimp width, 
a crimp height , and compressibility and input the thus-estimated 
crimp width, crimp height/ and compressibility to the adhesion 
5 force estimation unit, there can be obtained a design support 
system capable of offering support so that any designer can 
more easily design a connection between a conductor and a 
connector terminal without depending on the designer' s 
experience and within a short period of time. 

10 

According to the invention, the resistance estimation 
unit estimates the contact resistance obtained after crimping 
in accordance with an input of the known connection data, whereby 
. the designer can ascertain a rough value of contact resistance 

15 which would be obtained after press-fitting, without actually 
connecting a conductor to a connector in accordance with the 
connection data. Further, the crimp width data produced by 
the C/W estimation unit, the crimp height data produced by the 
C/H estimation unit, and the compressibility data produced by 

20 the compressibility estimation unit are input to the resistance 
estimation unit as at least a portion of the known connection 
data required for estimating contact resistance. Since there 
is no necessity for the designer to estimate a crimp width, 
a crimp height, and compressibility and input the thus-estimated 

25 crimp width, crimp height, and compressibility to the resistance 



estimation unit, there can be obtained a design support system 
capable of offering support so that any designer can more easily 
design a connection between a conductor and a connector terminal 
without depending on the designer' s experience and within a 
5 short period of time. 

According to the invention, the unknown connection data 
can be estimated through use of manually-input crimp width data. 
Hence, there can be obtained a design support system which is 
10 very easy to operate. 

According to the invention, the sequential output unit 
automatically inputs the discrete values centered on the crimp 
height data produced by the C/H estimation unit without the 
15 designer entering the discrete values into the compressibility 
estimation unit, the adhesion force estimation unit, or the 
resistance estimation unit. Hence, there can be obtained a 
design support system capable of providing a more detailed 
connection characteristic. 

20 

According to the invention, the designer can ascertain 
a rough value of a slot width, that of a crimp height, that 
of load, that of withdrawal force, and that of contact resistance, 
which would be obtained after press-fitting, without actually 
25 connecting a conductor to a connector in accordance with the 
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connection data. Consequently , there can be obtained a design 
support system capable of offering support so that any designer 
can more easily design a connection between a conductor and 
a connector terminal without depending on the designer's 
experience and within a short period of time* 

According to the invention, the slot width estimation 
unit estimates the slot width to be obtained after press-fitting 
in accordance with an input of the known connection data, and 
the crimp height estimation unit estimates the crimp height 
to be obtained after press-fitting in accordance with an input 
of the known connection data, whereby the designer can ascertain 
a rough value of a slot width and a crimp height which would 
be obtained after press-fitting, without actually connecting 
a conductor to a connector in accordance with the connection 
data. Further, the slot width data produced by the slot width 
estimation unit are input to the adhesion force estimation unit 
as at least a portion of the known connection data required 
for estimating a crimp height. Since there is no necessity 
for the designer to estimate a crimp width and input the 
thus-estimated crimp width to the crimp height estimation unit, 
there can be obtained a design support system capable of offering 
support so that any designer can more easily design a connection 
between a conductor and a connector terminal without depending 
on the designer' s experience and within a short period of time. 
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According to the invention/ the load estimation unit 
estimates the load to be obtained after press-fitting in 
accordance with an input of the known connection data. As a 
5 result, the designer can ascertain a rough value of the load 
without actually connecting a conductor to a connector in 
accordance with the connection data- Further, the slot width 
data produced by the slot width estimation unit and the crimp 
height data produced by the crimp height estimation unit are 

10 input to the load estimation unit as at least a portion of the 
known connection data required for estimating the load/ thereby 
obviating a necessity for the designer to estimate the slot 
width and the crimp height and input the thus-estimated slot 
width and the crimp height to the withdrawal force estimation 

15 unit. There can be obtained a design support system capable 
of offering support so that any designer can more easily design 
a connectionbetween a conductor and a connector terminal without 
depending on the designer' s experience and within a short period 
of time* 

20 

According to the invention, the withdrawal force 
estimation unit estimates the withdrawal force obtained after 
press-fitting in accordance with an input of known connection 
data. As a result, the designer can ascertain a rough value 
25 of the withdrawal force without actually connecting a conductor 
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to a connector in accordance with the connection data • Further, 
the slot width data produced by the slot width estimation unit, 
the crimp height data produced by the crimp height estimation 
unit/ and the load data produced by the load estimation unit 
5 are input to the withdrawal force estimation unit as at least 
a portion of the known connection data required for estimating 
the withdrawal force, thereby obviating a necessity for the 
designer to estimate the slot width, the crimp height, and the 
load and output the thus-estimated slot width, the crimp height, 
10 and the load to the load estimation unit ♦ There can be obtained 
a design support system capable of offering support so that 
any designer can more easily design a connection between a 
conductor and a connector terminal without depending on the 
designer's experience and within a short period of time. 

15 

According to the invention, the resistance estimation 
unit estimates the contact resistance obtained after 
press-fitting in accordance with an input of known connection 
data. As a result, the designer can ascertain a rough value 

20 of the contact resistance without actually connecting a 

conductor to a connector in accordance with the connection data . 
Further, the slot width data produced by the slot width 
estimation unit, the crimp height data produced by the crimp 
height estimation unit, and the load data produced by the load 

25 estimation unit are input to the resistance estimation unit 



as at least a portion of the known connection data required 
for estimating the contact resistance, thereby obviating a 
necessity for the designer to estimate the slot width/ the crimp 
height/ and the load and input the thus-estimated slot width, 
the crimp height, and the load to the resistance estimation 
unit- There can be obtained a design support system capable 
of offering support so that any designer can more easily design 
a connection between a conductor and a connector terminal without 
depending on the designer' s experience and within a short period 
of time* 

According to the invention, the unknown connection data 
can be estimated through use of the manually-input slot width 
data. Hence, there can be obtained a design support system 
which is easy to operate. 

According to the invention, the sequential output unit 
automatically inputs the discrete values centered on the crimp 
height data produced by the C/H estimation unit without the 
designer entering the discrete values centered on the crimp 
height data produced by the crimp height estimation unit into 
the load estimation unit/ the withdrawal force estimation unit, 
or the resistance estimation unit . Hence, there canbe obtained 
a design support system capable of providing a more detailed 
connection characteristic. 
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According to the invention, the sequential output unit 
automatically inputs the discrete values centered on the slot 
width data produced by the slot width estimation unit without 
the designer entering the discrete values into the crimp height 
estimation unit/ the load estimation unit/ the withdrawal force 
estimation unit/ or the resistance estimation unit- Hence, 
there can be obtained a design support system capable of 
providing a more detailed connection characteristic . 

According to the invention, the sequential output unit 
can automatically acquire the input known connection data and 
unknown connection data corresponding to discrete values 
centered on the input known connection data without the designer 
entering the connection data and the discrete values centered 
on the connection data. Hence, there can be obtained a design 
support system capable of providing a more detailed connection 
characteristic . 
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